Astronomical studies at infrared wavelengths have dramatically improved our understanding of the universe. The relatively low angular resolution of these missions, however, is insufficient to resolve the physical scale on which mid-to far-infrared emission arises. We will build the Balloon Experimental Twin Telescope for Infrared Interferometry (BETTII), an eight-meter Michelson interferometer to fly on a high-altitude balloon. BETTII's spectral-spatial capability, provided by an instrument using double-Fourier techniques, will address key questions about the nature of disks in young star clusters and active galactic nuclei and the envelopes of evolved stars. BETTII will also lay the technological groundwork for future space interferometers.
INTRODUCTION
The Balloon Experimental Twin Telescope for Infrared Interferometry (BETTII; Figure 1 ) is an eight-meter baseline Michelson interferometer to fly on a high-altitude balloon. The long baseline will provide unprecedented angular resolution (~0.5˝) in the 30-90μm band. This band is inaccessible from the ground; the high atmospheric transmission at balloon altitudes, in combination with BETTII's unique double-Fourier instrument will allow spectral resolution of up to R ≡ λ/Δλ ~ 200. The integration of these capabilities allows BETTII to provide spatially resolved spectroscopy, a new tool for exploring astronomical regimes that remain hidden from our view. Simultaneously, BETTII will raise key technologies and techniques for spaceborne interferometry beyond TRL 6.
SCIENTIFIC OBJECTIVES
In limited infrared (IR) wavebands, ground-based observatories can obtain high angular resolution, but the atmosphere limits spectroscopic capability. Space-based telescopes can provide sensitive spectroscopy, but lack angular resolution. BETTII connects high angular resolution observations from the ground with low angular resolution spectroscopy from space.
Infrared astronomy provides access to cool material throughout the universe. Interstellar and circumstellar dust reprocesses short wavelength light to longer wavelengths, such that over half of a typical galaxy's emission and much of the emission from protostars and evolved stars is radiated in the far-infrared (FIR). Furthermore, dust obscures many of these sources at UV, optical, and near-infrared (NIR) wavelengths while the dramatically lower dust extinction in the FIR allows such sources to remain visible. BETTII will provide spatially resolved spectroscopy in two feature-rich FIR bands (30-50 μm and 60-90 μm), with spatial resolution of 0.5˝ and spectral resolution of up to R~200. These bands include gaseous emission lines (e.g. [SiII] at 34.8 μm, [OI] at 63 μm, etc.) and a wide range of broad features (water ice at 43 and 62 μm, features produced by silicate dust). Ultimately, BETTII will explore a unique area of scientific phase space ( Figure 2 ) complementary to the capabilities of Herschel and the James Webb Space Telescope. This will enable new studies of clustered star formation, the enrichment of the interstellar medium by evolved stars and supernova remnants, and infrared-luminous galaxies. For the first BETTII flight, we will focus on intermediate-mass star forming clusters and active galactic nuclei, addressing several key scientific questions.
Star Formation
How do stars form? This fundamental question of modern astrophysics has major implications for problems ranging from assembly of the first galaxies to planet formation. We have a general picture of star formation starting with the collapse of dense cores in interstellar molecular clouds, moving through the protostellar classes and the attendant dispersal of circumstellar envelopes/disks, and then ending with a main sequence star and possibly a mature planetary system. However, this tidy progression is largely based on studies of single stars in low-mass star forming regions. The canonical picture is obviously incomplete, since most stars form in higher-mass regions and are in multiple stellar systems. These environments are highly dynamic and energetic, and interactions between stellar systems must play a large but poorly understood role in star/planet formation.
Our understanding of the general modes of star formation is hampered by the simple fact that high-mass star forming regions are dense and distant. In these regions, the many protostellar cores are enshrouded in dusty cloud material. Optical and near-IR observations with the Hubble Space Telescope (HST) provide high spatial resolution images, but cannot penetrate the ambient dust. Mid-to far-IR observations can peer through the dust, but missions such as the Infrared Space Observatory (ISO) and Spitzer did not provide sufficient angular resolution to resolve one core from another and was saturated in the cluster cores; Herschel shares these problems. Sensitive, high-resolution IR imaging with JWST will certainly break new ground, but the JWST wavebands are not suitable for penetrating very dense cool material. The key to overcoming source confusion in observations of high-mass star forming regions is high angular resolution at far-IR wavelengths, which is the unique capability of BETTII.
BETTII will allow us to study the dynamics, structure, and morphology of star forming regions by gathering data on:
• Spectral energy distributions of individual deeply embedded protostars forming in dense clusters;
• Spatial and spectral information on the envelopes and disks of the youngest young stellar objects (YSOs);
• Broadband ice and mineral features in individual YSOs to better understand chemical evolution during formation of stars and planetary systems.
Each of these goals requires BETTII's high angular resolution to isolate the emission sources. The wavelength band covered by BETTII is particularly important because it probes cool emission (~40-120K) from dust arising 10's to 1000's of AU from YSOs. This region marks the transition between circumstellar disks and envelopes around embedded YSOs. In older YSOs that have dispersed their envelopes, BETTI observations will explore the temperature and density structure of protoplanetary disks. The key observational findings will be: (1) which individual systems seen at other wavelengths are responsible for most of the FIR emissions; (2) what fraction of the emission is extended over multiple star forming sites; and (3) are there bright sources that only emit beyond 30 μm, where low resolution data would misidentify the emission with existing shorter wavelength sources.
During the first BETTII flight, we will observe a nearby star formation region to resolve and characterize the FIR flux from embedded YSOs. Our prime example is the young (< 1 Myr old) Perseus NGC 1333 cluster, a site of intermediatemass star formation. The actual flight date will determine our target; there are a number of suitable clusters. The proposed BETTII fields are centered on three regions that are bright (> 100 Jy) at 70 μm but not quantitatively characterized with Spitzer. They may also contain additional sources not revealed at 24 μm. BETTII will resolve individual sources brighter than 10 Jy and simultaneously obtain spectra of sources brighter than about 100 Jy. These low-resolution spectra (R ~ 20) will allow us to search for broad spectral features from dust grains and ices, such as the water ice features at 43 and 62 μm. Combining BETTII broadband spectra with Spitzer data at shorter wavelengths will produce much more complete Spectral Energy Distributions (SEDs) of the most deeply embedded protostars, allowing us to examine their structure, energetics, and formation mechanisms. These SEDs and measurements of extended versus compact emission will define the difference (or lack thereof) between cluster-mode and individual star formation.
In the coming decade, many star formation regions will be studied with the ground-based Atacama Large Millimeter Array (ALMA). ALMA, with unprecedented spatial resolution and sensitivity at sub-mm wavelengths will complement the 30-90 μm regime where YSO SEDs peak and complete the longer wavelength picture. BETTII's combination of wavelength coverage, spatial resolution, and spectroscopic capability will provide essential information on star formation that is not duplicated by any existing or planned facility.
Active Galactic Nuclei
Studies of galaxy evolution allow us to explore the effects of supermassive black holes (SMBH) and the role of primordial dark matter haloes in the formation of SMBH. How do AGN form? How do AGN affect star formation in early-type galaxies? Evidence from HST shows that most spheroidal galaxies contain SMBH and that strong correlations exist between SMBH mass and galactic parameters (e.g. stellar velocity dispersion, Gebhardt et al. 2000; bulge mass, Ferarese & Ford 2005). These strong correlations are due to dissipative merging and interaction, which may power both starbursts and the central activity in galaxies. This leads to the joint formation and co-evolution of galaxies and SMBHs (see Djorgovski 2004 for a review).
FIR spectroscopy at high angular resolution, such as provided by BETTII, will disentangle the emission from AGN and starbursts within the nuclei of galaxies. In the FIR, most of the emission from AGN and starbursts come from optically thin dust. This allows "isotropic" measurements that are roughly independent of torus orientation, etc. Data from the ISO Long Wavelength Spectrometer is the current state of the art, and these data uniquely probe the bulk of the emission from these objects. New broadband infrared spectroscopic data from Herschel will provided unprecedented sensitive FIR spectroscopy, and improved angular resolution over ISO, but will still be unable to spatially differentiate the AGN and starburst components. Because these observations cannot separate the starburst and AGN components of extragalactic objects, many-parameter models are required to fit the spectroscopic data. Our understanding of the evolutionary sequence of AGN is therefore limited, as it is based upon an incomplete sketch ( . A more distant starburst ring (at ~15˝) is seen in both FIR continuum emission and in 12 CO emission. The ISO spectrum encompasses a large number of unresolved components (Spinoglio et al. 2005 ; right panel of Figure 4 ). With ~35 pc spatial resolution, BETTII will separate contributions from the AGN and the inner, 100 pc starburst, and clearly separate this from starburst emission arising from the spiral arm region 15˝ away. By separating the contribution to FIR emission from the AGN and starbursts in the nuclear region of Seyfert galaxies we will constrain starburst energetics near the galactic nucleus and determine how conditions differ for star formation in outer starburst rings. FIR emission is a major tracer of star formation rates in galaxies. The most significant obstacle to measuring the star formation activity in the nuclear region of active galaxies has been the inability to resolve the FIR emission of the AGN component. BETTII's unprecedented angular resolution will allow us to get past this hurdle, leading to improved models of FIR emission from low angular resolution observations of more distant galaxies.
TECHNICAL APPROACH
To achieve the scientific goals set out above, we require FIR observations that sample the SED peaks of cool (~50K) material at low spectral resolution, with angular resolution sufficient to differentiate light from closely spaced sources. These requirements lead directly to the three major aspects of BETTII: a high altitude, double-Fourier Michelson interferometer. This concept has been developed with the help of members of the Far-Infrared Telescope Experiment (FITE) team in Japan, led by H. Shibai. FITE is discussed in another article in these proceedings (Shibai et al. 2010) .
To obtain observations in the FIR, we must operate above nearly all Earth's atmosphere. The atmosphere is nearly opaque at these wavelengths, and also emits strongly, making ground-based observations in this wavelength range impossible. Second, the largest FIR space telescope in operation (Herschel) provides spectroscopic beam sizes no smaller than 9.4″ at 57 μm, the shortest wavelength for Herschel. In order to isolate individual sources in star formation regions and within galactic nuclei, we require angular resolution better than 1″. Finally, to distinguish broad solid-state features from dust and ice, we require spectroscopic capabilities. The key instrument on BETTII will be a double-Fourier Michelson interferometer; this instrument allows us to simultaneously obtain both spatial and spectral data. BETTII will provide spatially resolved spectroscopy at high angular resolution, unachievable by any other near-term FIR mission, and will complement observations with Herschel, SOFIA, and JWST.
Technical Requirements Derived from the Science
A clear path leads from scientific motivation to the technical requirements for BETTII (Table 1) . These requirements include margins to help ensure the scientific success of BETTII. Three parameters warrant additional comment. The required pointing stability is 1.5˝, to keep the pointing on the sky constant to within 10% of a detector pixel. Second, high frequency pointing jitter must be tightly controlled, in order to ensure that the NIR fringes used for tracking are not blurred due to phase noise faster than 10 Hz. Our listed requirement of 0.1˝ provides better than λ/20 phase accuracy. In the laboratory environment, the FITE team has already exceeded both the pointing stability and pointing jitter requirements. Finally, relative phase knowledge for the interferometer arms requires precise pathlength information. The 
BETTII
Overview: BETTII is a balloon-borne 8-m baseline Michelson stellar interferometer utilizing two 0.4-meter siderostats. The cryogenic instrument has two wavelength bands (30-50 and 60-90 μm), providing angular resolution of ~0.5˝ at 40 μm, and spectral resolution of up to R~200 at 40 μm. Standard operation will use R~20, as work with the Keck Interferometer Nuller (KIN) has shown that this is sufficient for detection of broad spectral features (Barry, et al. 2008 ). The heart of BETTII is a "double-Fourier" Michelson interferometer (Mariotti & Ridgway 1988 ) similar to instruments envisaged for potential high-performance space-based interferometers (e.g. SPIRIT; Leisawitz et al. 2007 ).
A traditional Michelson interferometer uses a single detector; the field of view (the "primary beam") is determined by the size of the individual light collecting apertures according to θ p = 1.2λ/D tel , where D tel is the collector telescope diameter (for BETTII, θ p = 25˝ at 40 μm). By using a detector array, one observes interferograms corresponding to multiple contiguous primary beams simultaneously on different pixels. Using Nyquist sampling, an N pix × N pix array subtends a field angle of 0.5N pix θ p in each dimension, and an 8x8 pixel array easily covers a field of several square arcmin at 40 µm. Spatial information is encoded on the detector as a relative interferometric shift in zero path difference (ZPD) location between sources. Figure 5 shows an example of the interferograms that might be observed for a pair of sources within a single pixel. BETTII's "double Fourier" interferometer equipped with a detector array thus provides simultaneous high spatial resolution (λ/2b) and moderate spectral resolution (Δ R /λ) over a wide field of view (0.6N pix λ/D tel ), where b is the baseline and Δ R is the optical path distance scanned by the interferometer. We have already successfully demonstrated this technique with WIIT at optical wavelengths , Rinehart et al. 2004 ).
Optics:
The BETTII ambient temperature optics is modeled after the FITE design; the siderostats send light to flat secondary mirrors, which in turn transfer the beams to primary mirrors. All of these optics are at ambient temperature (~220 K at float altitude); emission from these optics limits instrument sensitivity. The primary mirrors bring the two arms of the interferometer into focus just inside the instrument cryostat. Inside the cryostat, the beams are collimated and then passed through a delay line via flat mirrors ( Figure 6 ). The delay line mechanism increases the path length for one arm of the interferometer while decreasing it for the other arm. Each beam is subsequently separated into long (60-90 μm) and short (30-50 μm) wavelength channels by dichroic beam splitters. The beams from the two arms are combined in the pupil plane at a half-reflective/half-transmissive beamsplitter (i.e. Michelson interferometry). Each output port of the beam combiner leads to a camera mirror that focuses light onto a detector array. By using both output ports, we gain approximately a 40% improvement in sensitivity, and mitigate detector systematics. By scanning the optical delay line, we modulate interferometric fringes in the time domain, from which both spectral and spatial information can be derived.
The separation of optical elements into two distinct regions, the ambient optics and cold optics, will simplify integration of the instrument into the gondola, as the interfaces are limited to the beam parameters and mechanical mounting of the cryostat. Two of our team members have performed just such an operation on the Medium Scale Anisotropy Measurement experiment (MSAM; Fixsen et al. 1996) .
Fringe Tracker: BETTII will include a near-infrared (NIR) array for fringe tracking. Prior to entering the delay line, the NIR light from each arm is split from the FIR beam. NIR interference fringes are then observed on the NIR array. By monitoring the position of the central fringe on the array, small differences in the path length of the two arms of the interferometer can be observed. A piston actuator on a single mirror (inside the cryostat) will compensate for variations in the optical path difference (OPD) at frequencies up to ~10 Hz. This simultaneously monitors the OPD and provides OPD control to within 0.5 μm. Fringe tracking with this system provides very precise measurement of the relative phase of sources within our field-of-view, enabling sub-arcsecond astrometry without requiring subarcsecond pointing stability. This separation between relative astrometry and telescope pointing is a fundamental benefit of interferometry. This system also serves as reference for adjustment of alignment and focus. Such a fringe-tracking system was designed as part of the SPIRIT Mission Study. Ground-based interferometers, including the KIN (Serabyn, et al. 2004 ) and the Very Large Telescope Interferometer (Abuter, et al. 2006) , have developed similar systems that act as proof-of-concept for our fringe tracker.
Metrology: BETTII will use two laser differential measurement interferometers (DMI) for metrology. The first (internal metrology) will monitor pathlengths inside the cryostat, to connect the phase measured by the NIR fringe tracker to the phase of the FIR science data. This system must be accurate to ~1 μm. The second (gondola metrology) will measure path length variations between the cryostat and the two siderostats. Phase measurements from the metrology system will be valuable for calibration and analysis of scientific data, providing knowledge of optical path differences between the two arms of the interferometer. To complement the NIR fringe tracker, the gondola metrology system will measure path lengths to ~200 nm. A similar metrology system that exceeds our requirements was demonstrated as part of WIIT (Rinehart et al. 2006) , obtaining path length precision of <10 nm in the laboratory, limited by air turbulence. The very low air density and relatively benign conditions at high altitude will allow better performance from our external laser metrology system than is possible in the laboratory.
Cryogenics: BETTII's sensitivity is limited by the emission from the ambient temperature optics outside of the cryostat. We minimize further emission within the instrument by enclosing the instrument optics inside a liquid-Helium cooled cryostat. This allows us to cool most of the optics, including the delay line, to 1.5 K at float ambient pressure. This is necessary for the FIR bandpass filters and reduces the emission from the instrument optics, improving the overall sensitivity by ~50%. This also enables the use of a liquid Helium-3 refrigerator to cool the detectors to their operating temperature (300mK). GSFC personnel have extensive experience with similar cryogenic systems, including on balloon payloads (including ARCADE 
Mechanical:
Included in the mechanical design of the BETTII instrument are five important mechanisms: (1) Three-axis control mechanisms on the primary mirrors (Figure 7) , providing focus and alignment of the optical beams, and providing a control for mitigation of gondola deformation; (2) a mechanism providing piston motion for use with the NIR fringe tracker, providing phase stability for science observations; (3) a piston-controlled mirror to allow selection of any NIR source within the fieldof-view for use with the fringe tracker; (4) shutters for testing and alignment; and (5) a scanning delay line. Mechanisms (2)-(5) will all operate at cryogenic temperatures (1.5 K), but none require cryogenic motors. The delay line is the most critical element, as it enables both the spectral resolution and the wide field of view (FOV). By using two pairs of rooftop mirrors, a physical delay line stroke length of 5.7 mm allows a 2' field with a spectral resolution of up to 200. To allow a fast-stroke technique (see below), the delay line requires a rate of travel of 100μm/s; this motion must be linear to within 0.5μm at 20 Hz. It must also operate at cryogenic temperatures and have long-term stability (~10 4 cycles). All of these requirements have been demonstrated (and exceeded) by GSFC-developed mechanisms, such as within the FIRAS instrument on the Cosmic Background Explorer (COBE; Fixsen et al. 1994 ) and for far-infrared polarization experiments ).
Our observations of astronomical sources will be conducted using a fast (10 s) stroke of the delay line; this dramatically reduces drift within the data, and is a standard technique for ground-based observations where the unstable atmosphere can produce large drifts. The effectiveness of this technique was demonstrated on the Kuiper Airborne Observatory (Baluteau et al. 1977) . By combining this technique with NIR fringe-tracking and the metrology system we will ensure high quality data. . By reducing the sensitivity of these laboratory detectors for use in BETTII background conditions, we will increase the saturation power and increase response time. These changes provide the required sensitivity, high speed, linear response, high optical efficiency (>90%), and large filling factor (95%). Arrays for the 60-90 µm band are the more challenging of the two; scaled performance will meet the time constant specification and exceed the photon stream dynamic range requirement (4.5×10 4 ) by a factor of 7 (with only 2.6% additional noise to the NEP). These detectors operate at 460 mK, and are read out using SQUID multiplexers. In addition to the detector arrays, we have fabricated both warm (290K) and cold (4K) readout electronics (Forgione et al. 2004 ). Both our detector arrays and readout electronics have been demonstrated in astronomical applications (e.g. GISMO; Staguhn et al. 2008) .
Gondola:
The BETTII gondola will be manufactured from reinforced carbon fiber, creating a stiff yet lightweight structure; similar large carbon-fiber gondolas have been built at GSFC, including the InFOCµS experiment (Ogasaka et al. 2005) . In designing and fabricating the BETTII gondola, we will take advantage of extensive institutional experience. Structural stiffness is important in order to ensure high resonance frequencies (>10 Hz), with fast damping of low frequency, high amplitude modes. Such rapid damping eliminates the high amplitude vibrations that dominate instability in interferometric phase and allows for rapid phase adjustments using the NIR fringe tracker. Further, because the gondola structure is symmetric, dominant vibration modes are symmetric. These modes do not give rise to phase differences between the two arms of the interferometer, and therefore have minimal impact on science data. Pendulation of the payload (roll) can be expected at float; however, this effect should be small (~10') and only impacts the baseline angle. This has no impact on science data from our interferometer. The boom structure may also deform on timescales longer than 10 minutes due to the effects of gravity on the changing moment arm of the boom as it rotates to track a source. BETTII will therefore have constant monitoring of system alignment, and every ten minutes system alignment and focus will be adjusted using the three-axis controlled primary mirrors. This guarantees maximum fringe visibility (and hence quality) during scientific observations. Pointing the telescope is accomplished using a reaction wheel for azimuth and by rotating the boom around its long axis for elevation. To achieve our scientific objectives, we require pointing stability of 1.5˝ on timescales of seconds to minutes. A star camera system will provide knowledge to <0.5˝ (Percival & Nordsieck 2000) .
The BETTII gondola design is heavily influenced by the FITE payload configuration and experience. The FITE gondola design has been demonstrated through both modeling and laboratory tests to meet or exceed all of BETTII's requirements with an 8-meter baseline: high resonance frequencies, fast damping of low frequency high amplitude modes, stable alignment on timescales of over 10 minutes, and only small gravitational warping on longer timescales. In addition, the FITE pointing system, using a combination of a star tracker and triaxial Ring Laser Gyro, has demonstrated pointing stability to <0.8˝ in the laboratory. Better stability can be expected at altitude due to lower atmospheric density. These features make the FITE design an ideal starting point for the BETTII gondola design, as FITE provides clear design validation that meets or exceeds all of our platform requirements. Finite-element analysis of our preliminary design for the BETTII gondola has a lowest resonance frequency of 14.7 Hz, exceeding the 10 Hz requirement. This preliminary design did not completely account for the stiffness and low weight of the carbon fiber or lightweighting of components on the boom, and we therefore expect that this frequency will increase significantly as the design progresses. We will also use results of the first FITE flight and lessons learned from the FITE team to incorporate further improvements into the BETTII gondola design.
PREDICTED PERFORMANCE
BETTII's high altitude operation provides access to wavelengths inaccessible from the ground. While ground-based facilities cannot operate in the FIR due to the opacity and emission of the atmosphere, BETTII's sensitivity is limited by the emissivity of the ambient temperature optics. Using conservative assumptions (optical efficiency of 10%, system visibility of 0.8, etc.), we estimate the 5σ, 600 second point source sensitivity of BETTII of 4.1 Jy for photometric detections in the 30-50 μm band, or 8.3 Jy for measuring the broad SED. Sensitivities are similar for the long-wave band (see Figure 9 and Table 2 ); predicted sensitivities exceed our scientific requirements (Table 1) . These calculations assume a 2.0 arcmin FOV and a spectral resolution of R=20; these parameters lead to delay line scan speed and camera exposure time requirements.
The calculated sensitivity is for point sources; sensitivity to broad, extended emission is less. However, we have chosen science targets that are typically smaller than 1˝ (i.e. cores in the Perseus cluster), in order to ensure successful source detection. In addition, we may be able to increase our effective sensitivity by using standard interferometric techniques, such as apodization of the interferograms.
Signal-to-Noise: To assess the scientific capabilities of BETTII, we have simulated data for two sources in close proximity ( Figure 10 ). These sources have a combined flux of 100 Jy (comparable to targets in Perseus), and we have assumed an additional background flux of equal brightness. The left panel shows the fringes that would be observed for each of three different baseline orientations. A given baseline orientation can be vulnerable to projection effects, where two sources are closely spaced along the baseline vector. With three orientations spanning a 60° angle on the sky, such projection effects are greatly mitigated. Each set of observed fringes can be decomposed into the individual fringe packets. These fringe packets can then be transformed to obtain the spectra of the individual sources (shown in the center and right panels). In both cases a very accurate photometric measurement is obtained and the overall SED (i.e. the overall shape of the spectrum) within the band can be determined. For the brighter of the two sources, a low-resolution (R~20) spectrum can be recovered.
DEVELOPMENT PLAN
The complete BETTII program will last for five years. The first year will include the design phase, and will take advantage of the experience of the FITE team. The second year will begin fabrication. The gondola and instrument will be constructed in tandem, with well-designed interfaces for later system integration. During this year, we will also begin development of flight software and will design and fabricate any ground support equipment needed for testing. Fabrication will continue into the third year, and we will commence testing of all system components. All subassemblies (mechanisms, detectors, control electronics, etc.) will be individually tested and characterized, as will the gondola structure and control system. Parallel to this, we will complete system modeling to accurately predict the performance of BETTII on float. By the end of the third year, all subassemblies should be complete. In Year 4, we will begin system integration and larger assembly tests. All instrument subassemblies will be incorporated into the science instrument, and we will perform end-to-end tests on the instrument to characterize performance. Once this testing is complete, the instrument will be integrated into the gondola and we will conduct end-to-end tests of the ballooncraft. In the fifth year, we will finish full system testing and will review all results with external experts to help ensure successful flight and operation of the instrument. BETTII will be shipped to the launch site, and on-site tests will allow us to verify the system before flight. Following the flight, we will calibrate and analyze all scientific data and will publish both scientific and technical papers on the program.
